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Earthôs Mineral Dust Cycle

SURFACE MINERALOGY



Jet Propulsion 

Laboratory
California Institute

of Technology
EMIT Science Objectives

1) Constrain the sign and magnitude of dust-related RF at regional and global scales.  

EMIT achieves this objective by acquiring, validating and delivering updates of surface mineralogy used to 

initialize Earth System Models.  

2) Predict the increase or decrease of available dust sources under future climate scenarios. 

EMIT achieves this objective by initializing Earth System Model forecast models with the mineralogy of soils 

exposed within at-risk lands bordering arid dust source regions.

Adjacent Lands: Regions extending 50 km beyond the current dust sources.

Earth System Models

MODIS October 26, 

2007.  Credit: NASA

23 June 2020 African Dust 

Storm reached the U.S.
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Dust in Earth System Models

Aerosol

In 3 aerosol size modes 

(Zender et al., 2003; Mahowald et al., 2006;Liu et al., 2011)

ÅTraditionally: Model an average® 

mineral aerosol

Å However, mineral aerosols are 

from different minerals 

depending on surface 

composition

Illite

hematite

montmorillonite

Each mineral has different properties and interactions with 

Earth System

Iron oxides:

Absorb short wavelength 

(SW), iron for ocean 

biogeochemistry, low pH

Kaolinite:

Reflects SW, high pH

Clays, large particles: 

Reflects SW

kaolinite

Earth System Model

CESM: 

CAM4/CAM5: minerals + 

mineral RF

CAM6/E3SM: minerals + 

mineral RF

GISS: minerals/dust+dust RF

GFDL and Monarch
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Example: Work Building Dust into Models

Using UN Food and Agriculture Organization (FAO) soil datasets and ñaverageò minerals in each soil type

Dust emissions

=>

- In this implementation, including mineralogy details, the sign of 

radiative forcing switched from slightly cooling to slightly warming.  An 

important difference.

- However, forecasts of AOD and SSA are not well-correlated with 

AERONET-based retrievals. Forecasts of mineralogy of dust deposits 

are not well-correlated with observed mineralogy.

Modified from Scanzaet al., 2015

Scanza, Rachel, N. Mahowald, S. Ghan, C. Zender, J. Kok, Xiaohong Liu, Y. Zhang, and Samuel Albani. "Modeling dust as component minerals in the Community Atmosphere Model: development of 

framework and impact on radiative forcing." (2015).


